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Executive  Summary
  

The  most  commonly  used  brand  of  adjustable  wrench,  a  Crescent  Wrench,  dates  back  

to  the  early  nineteen  hundreds.  Although  this  tool  is  widely  used  all  over  the  world  and  has  been  
around  for  over  one  hundred  years,  it  has  design  flaws  that  can  make  it  a  less  than  desirable  
tool  to  use.  The  tolerances  associated  with  the  adjustable  wheel  used  by  the  most  common  
adjustable  wrench  designs  allow  the  position  of  the  lower  jaw  to  vary  while  using  the  tool.  These  
undesired  fluctuations  in  the  position  of  the  lower  jaw  make  it  difficult  to  adjust  the  wrench  to  the  
desired  position  and  keep  it  in  position  once  the  desired  position  is  set.
  

The  proposed  adjustable  wrench  design  addresses  the  tolerance  issues  by  constraining  

the  lower  jaw  with  a  new  mechanism.  The  mechanism  makes  minor  sacrifices  in  simplicity  to  
attain  advantages  in  practicality.    (Content  removed  due  to  patent  of  design.) In  addition  to  the  
competitive  advantages  offered  by  the  proposed  adjustable  wrench  design,  the  ANSI  standard  
strength  rating  for  existing  adjustable  wrenches  is  maintained.  The  proposed  adjustable  wrench  
will  likely  cost  more  than  standard  adjustable  wrenches,  but  the  design  upgrades  appear  to  
greatly  outweigh  the  minor  price  increase.  These  design  improvements  benefit  every  kind  of  
user,  from  a  handyman  to  a  mechanic.  For  these  reasons,  it  is  apparent  that  the  proposed  
design  successfully  improves  upon  the  design  of  a  standard  adjustable  wrench.    
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Chapter  1:  Introduction
1.1:  Background
A  standard  adjustable  wrench  is  a  tool  used  to  grip  hexagonal  nuts  and  bolt  heads  of  
various  sizes  for  the  purpose  of  either  tightening  or  loosening  the  nut  or  bolt.  A  standard  
adjustable  wrench  has  jaws  that  can  be  adjusted  based  on  the  requirements  of  the  application.  
The  jaws  are  adjusted  via  a  thumbwheel,  which  acts  as  a  screw.  The  thumbwheel  engages  with  
teeth  in  a  vertical  shaft  connected  to  the  lower  jaw  of  the  wrench.  The  operator  rotates  the  
thumbwheel  clockwise  or  counterclockwise  about  its  vertical  axis  to  move  the  lower  jaw  up  or  
down,  either  opening  or  closing  the  distance  between  the  jaws.
1.2:  Problem  Definition
  The  mechanism  utilized  to  adjust  the  jaws  in  a  standard  adjustable  wrench,  a  
thumbwheel,  allows  for  a  larger  than  desired  tolerance  in  the  position  of  the  jaws.  This  results  
from  relatively  large  tolerances,  both  above  and  below  where  the  thumbwheel  sits  in  the  wrench  
and  at  the  interface  between  the  thumbwheel  and  the  vertical  shaft  of  the  lower  jaw.  
Consequently,  the  position  of  the  jaws  may  change  when  the  operator  removes  the  wrench  from  
the  bolt,  requiring  the  operator  to  re-adjust  the  wrench  between  every  turn.  Additionally,  the  
thumb  wheel  on  an  adjustable  wrench  is  unconstrained.  This  also  allows  for  the  desired  setting  
of  the  jaws  to  be  unintentionally  changed  quite  easily.
1.3:  Literature  Search
There  currently  exists  on  the  market  a  type  of  adjustable  wrench  which  combines  the  
features  of  a  locking  pliers  with  the  features  of  a  traditional  adjustable  wrench.  This  does  in  fact  
eliminate  the  problem  of  unwanted  loosening.  However,  this  comes  with  the  inconveniences  
associated  with  locking  pliers,  in  that  the  user  must  repeatedly  unclamp  and  then  re-clamp  the  

wrench  every  time  it  needs  re-positioned  for  a  new  turn.  Essentially,  the  only  thing  that  makes  
this  design  different  from  a  pair  of  locking  pliers  is  the  shape  of  the  gripping  surfaces  -  locking  
pliers  have  rounded  gripping  surfaces  while  adjustable  wrenches  have  flat  ones.  Furthermore,  
the  advantage  of  an  adjustable  wrench  is  that  it’s  a  quick,  convenient,  fit-all  tool  which  serves  as  
a  substitute  for  a  conventional  wrench  set,  whereas  locking  pliers  are  bulky,  clumsy,  and  
primarily  convenient  where  extreme  force  and  grip  is  required,  such  as  loosening  a  stripped  
nut.  

Chapter  2:  Conceptual  Design  
2.1:  Design  Brief
  

The  objective  of  this  team  was  to  design  an  adjustable  wrench  that  doesn’t  require  

readjustment  once  the  desired  setting  is  discovered  for  a  given  task.  The  purpose  of  designing  
this  wrench  was  to  improve  upon  the  standard  adjustable  wrench  by  eliminating  excess  
tolerance  in  the  position  of  the  jaws  and  providing  a  way  to  constrain  the  motion  of  the  jaws  
once  the  desired  setting  is  discovered.  The  new  design  should  be  durable,  highly  functional,  and  
relatively  simple  to  manufacture.  It  is  an  expectation  that  the  new  design  will  match  the  strength  
of  existing  standard  adjustable  wrenches.  

2.2:  Developing  Design  Concepts
To  begin  the  conceptual  design  phase,  functional  decomposition  was  utilized  through  the  
creation  of  function  structure  diagrams  for  the  purpose  of  depicting  flows  of  energy,  material  and  
signal  to  and  from  the  basic  functions  required  by  the  design.  This  served  the  purpose  of  
clarifying  the  essential  functions  that  must  be  performed  by  design  and  what  inputs  and  outputs  
are  necessary  to  perform  those  functions.  Two  function  structure  diagrams  were  created.  An  
overall  function  structure  diagram,  which  is  a  black  box  representation  of  the  design,  and  a  
detailed  function  structure  diagram.  
  

Overall  Function  Structure  Diagram  

The  overall  function  of  the  design  and  the  necessary  inputs  and  outputs  are  depicted  in  
the  diagram  above.  
Detailed  Function  Structure  Diagram  
The  functions  necessary  to  achieve  the  overall  function  of  the  design  are  broken  down  
into  separate  function  blocks  with  the  corresponding  inputs  and  outputs  in  the  diagram  above.  
The  inputs  going  into  the  third  function  block  are  undefined  because  the  team  wanted  to  remain  
solution  neutral  at  this  point  of  the  design  process,  acknowledging  that  different  solution  
concepts  could  require  different  
inputs.  

  

Concept  Map
  

A  concept  map  was  created  to  begin  generating  solution  concepts.  A  concept  map  was  

an  effective  way  to  organize  the  brainstorming  process.  A  label  for  the  design  -  Snug-Fit  
Adjustable  Wrench  -  was  placed  at  the  center  of  the  map  and  a  network  of  associations  was  
built  around  it.  Because  it  requires  the  mapping  of  associations  between  ideas,  a  concept  map  
stimulates  creative  thought.  In  the  concept  map  below,  the  idea  of  a  tool  attachment  for  an  
existing  adjustable  wrench  was  explored,  as  well  as  the  idea  of  designing  a  new  wrench.  
Additionally,  different  methods  for  constraining  the  adjustability  of  the  wrench  were  explored  as  
well.  

Concept  map  removed  due  to  patent  of  design.
Morphological  Chart
After  breaking  down  the  problem  into  a  group  of  functions  via  the  function  structure  
diagram  and  generating  a  swath  of  ideas  via  the  concept  map,  a  more  systematic  method  for  
idea  generation  was  utilized  in  the  form  of  a  morphological  chart.  The  morphological  chart  offers  
a  way  to  start  combining  different  solutions  for  each  of  the  functions  to  create  a  range  of  
complete  solution  concepts.  

Morphological  chart  removed  due  to  patent  of  design.
Concept  Sketches
  

From  the  morphological  chart,  eight  concept  sketches  were  created.  Each  sketch  is  

denoted  with  a  letter  in  the  top  left  corner.  ‘A’  means  the  design  is  for  a  tool  attachment,  ‘M’  
means  the  design  is  a  modification  kit  for  a  standard  adjustable  wrench,  and  ‘N’  means  the  
design  is  for  a  new  version  of  the  tool.
Concept  sketches  removed  due  to  patent  of  design.

Rough  Screening  
  

The  concept  sketches  were  examined  and  pared  down  until  four  solution  concepts  

remained.  The  eliminated  concept  sketches  are  indicated  by  red  arrows  in  the  above  figure.  
Descriptions  of  the  remaining  solutions  are  listed  below:

Content  removed  due  to  patent  of  design.

2.3:  Selecting  Between  Competing  Concepts
  

The  first  step  in  selecting  a  solution  concept  is  identifying  design  criteria  by  which  the  

concepts  will  be  evaluated.  As  outlined  in  the  design  brief,  durability,  functionality,  and  
manufacturability  are  important  criteria.  Additionally,  cost  will  be  utilized  to  evaluate  the  
concepts.    
Objective  Tree
  

The  next  step  in  the  selection  process  is  to  place  a  weight  on  each  of  the  design  criteria.  

This  step  is  done  by  constructing  an  objective  tree.  The  weights  were  determined  using  the  
collective  engineering  judgment  of  the  team.  The  sum  of  the  weights  for  the  criteria  must  equal  
one.

Weighted  Decision  Matrix
  

A  weighted  decision  matrix  was  then  utilized  to  select  the  best  design  concept.  The  

weighted  decision  matrix  evaluates  how  well  each  design  concept  satisfies  each  of  the  design  
criteria.  The  degree  to  which  a  design  satisfies  a  criterion  is  scored  (on  a  scale  of  10)  and  then  
the  score  and  the  weight  of  that  given  criterion  are  multiplied  together.  The  sum  of  all  of  the  
products  (of  the  scores  for  how  well  each  design  satisfied  a  criteria  and  said  criteria’s  weight)  
give  a  design  concepts  final  rating.  The  design  with  the  highest  final  rating  enters  the  
embodiment  design  phase.
Weighted  decision  matrix  removed  due  to  patent  of  design.

Content  removed  due  to  patent  of  design.

Chapter  3:  Embodiment  Design
3.1:  Product  Architecture
The  arrangement  of  the  physical  elements  of  the  design  were  determined  during  the  
product  architecture  phase  in  the  design  process.  The  basic  building  blocks  of  the  design  and  
their  interfaces  were  defined  during  this  stage.  These  building  blocks,  which  we’ll  define  as  
modules,  are  made  up  of  a  collection  of  components  that  carry  out  the  functions  of  the  design.  A  
four  step  process  was  followed  in  establishing  the  product  architecture.  First  a  schematic  
diagram  of  the  design  that  defined  each  of  the  components  was  created.  Then  the  components  
were  clustered  into  modules.  A  rough  geometric  layout  of  the  modules  was  then  developed.  
Finally,  interactions  between  the  modules  were  established.
  
Schematic  Diagram
The  components  that  make  up  the  design  are  defined  below.
Schematic  diagram  removed  due  to  patent  of  design.

Establishing  Modules
The  modules  that  make  up  the  design  are  defined  below.  
Modules  removed  due  to  patent  of  design.
Content  removed  due  to  patent  of  design.

Rough  Geometric  Layout  and  Modular  Interaction
The  layout  of  the  modules  is  depicted  below.
Layout  removed  due  to  patent  of  design.
Content  removed  due  to  patent  of  design..  

3.2:  Configuration  Design
  

In  configuration  design  the  shape  and  general  dimensions  of  the  components  were  

established.  Additionally,  connections  between  components  were  defined.  Materials  and  
manufacturing  processes  were  also  selected.  By  the  end  of  configuration  design,  a  clear  image  
of  the  final  design  started  to  come  into  focus.  
Content  removed  due  to  patent  of  design.
Assembly  
Content  removed  due  to  patent  of  design.

Embodiment  Rules  and  Principles  
  

Several  embodiment  rules  and  principles  were  followed  to  guide  the  configuration  design  

portion  of  the  embodiment  design  phase:
•  

Clarity  of  Purpose:  
The  purpose  of  each  of  the  parts  was  clearly  defined  during  the  configuration  design  

phase.  This  ensured  that  the  various  functional  requirements  of  the  design  did  not  interact  in  
undesired  ways.  For  example,  (Content  removed  due  to  patent  of  design.)

•  

Simplicity:  
Each  part  was  limited  to  serve  at  most  only  a  few  purposes.  This  kept  the  parts  and  

ultimately  the  overall  design  quite  simple.  Although  the  new  design  requires  more  components  
than  a  traditional  adjustable  wrench  in  order  to  enhance  the  performance,  the  design  accounts  
for  simplicity  in  its  manufacturability,  its  assembly,  its  ease  of  use.
•  

Safety:  
There  is  nothing  about  the  new  design  of  the  adjustable  wrench  that  decreases  the  

safety  of  using  a  wrench.  Using  the  wrench  in  a  simple  application  poses  no  unusual  threat  to  a  
user's  safety.
•  

Minimal  Environmental  Impact:  
The  only  negative  effect  of  the  wrench  on  the  environment  is  the  fossil  fuels  that  are  

burned  in  its  production.  The  wrench  is  made  of  steel  which  can  be  easily  recycled  and  the  
wrenches  that  it  will  replace  are  also  recyclable  leaving  little  to  no  trace  in  landfills  if  disposed  of  
properly.
•  

Force  Transmission:  
(Content  removed  due  to  patent  of  design.)

•  

Division  of  Tasks:  
(Content  removed  due  to  patent  of  design.)

•  

Stability:  
(Content  removed  due  to  patent  of  design.)

Chapter  4:  Detail  Design
4.1:  Calculations
Calculations  to  size  the  components  and  verify  that  the  components  will  not  fail  were  
performed.  After  reaching  out  to  a  representative  from  Crescent  Tools,  it  was  determined  that  
the  ANSI  standard  for  the  minimum  strength  of  an  8  inch  adjustable  wrench  was  2700  in-lb.  
Therefore,  the  wrench  must  be  able  to  withstand  a  2700  in-lb  moment  about  the  nut  or  bolt.  
Calculations  were  performed  to  verify  that  (Content  removed  due  to  patent  of  design.)
(Content  removed  due  to  patent  of  design.)
4.2:  Drawings
(Content  removed  due  to  patent  of  design.)
Exploded  View  and  Bill  of  Materials  
(Content  removed  due  to  patent  of  design.)
4.3:  Prototype  
A  prototype  of  the  proposed  design  was  3D  printed  using  PLA  material,  scaled  to  twice  
the  size  of  the  actual  design:
(Content  removed  due  to  patent  of  design.)

Chapter  5:  Discussion
                                The  proposed  adjustable  wrench  design  has  several  competitive  advantages  over  a  
standard  adjustable  wrench.  The  first  advantage  is  that  there  is  no  tolerance  in  the  position  of  
the  jaws,  which  is  the  issue  the  design  set  out  to  resolve.  (Content  removed  due  to  patent  of  
design.)  With  a  standard  adjustable  wrench,  it  can  be  difficult  to  set  the  wrench  at  exactly  the  

right  size  and  there  is  no  indicator  as  to  what  position  the  jaws  are  set.  In  addition  to  the  
competitive  advantages  offered  by  the  proposed  design,  the  design  meets  ANSI  strength  ratings  
for  adjustable  wrenches.  Therefore,  there  was  no  compromise  in  quality  when  creating  these  
advantages  over  a  standard  adjustable  wrench.
                        There  are  several  minor  disadvantages  associated  with  this  design.  One  variable  that  
likely  trends  in  the  wrong  direction  with  this  design  is  cost.  It  is  anticipated  that  the  design  would  
be  more  expensive  to  manufacture  than  a  standard  adjustable  wrench.  This  is  due  to  the  fact  
that  there  are  several  more  components  and  the  manufacturing  process  would  likely  be  more  
involved  than  that  of  a  standard  adjustable  wrench.  A  second  disadvantage  is  that  (Content  
removed  due  to  patent  of  design.)
                        Ultimately,  the  design  team  feels  that  the  advantages  offered  by  the  proposed  design  far  
outweigh  the  disadvantages.  It  is  an  expectation  of  consumers  that  quality  and  cost  are  
correlated.  Therefore,  there  is  little  concern  about  the  increase  in  cost  given  the  advantages  the  
design  offers  over  a  standard  adjustable  wrench.  Additionally,  (Content  removed  due  to  patent  
of  design.)  

Chapter  6:  Conclusion  
  

The  goal  of  this  design  team  was  to  improve  upon  the  standard  adjustable  wrench  by  

addressing  tolerance  issues  that  result  in  a  lack  of  precision  in  the  position  of  the  jaws.  The  
proposed  solution  addresses  this  issue  by  (Content  removed  due  to  patent  of  design.)  A  model  
of  the  proposed  design  was  3D  printed  to  demonstrate  proof  of  concept.  There  are  several  
steps  this  team  recommends  moving  forward.  First,  run  FEA  simulations  to  perform  stress  
analysis  on  the  proposed  design.  After  that,  manufacture  an  actual  prototype  and  perform  
strength  and  ergonomic  testing.  From  there,  iterate  and  refine  the  design  as  necessary  until  an  

acceptable  solution  is  obtained.  This  team  believes  the  proposed  solution  to  be  a  genuine  
improvement  over  the  standard  adjustable  wrench  with  serious  potential  for  production.
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